INTRODUCTION
Crohn' s disease (CD) is a chronic relapsing gastrointestinal inflammatory disorder that is characterized by frequent complications, such as stenosis and fistula, and an impaired www.irjournal.org CD, the associations between TNF-a antagonist therapy and the development of serious life-threatening infections in the early years of therapy as well as other well-documented hematologic, immunologic, cardiovascular, and malignant adverse effects are serious concerns. 8, 9 Thiopurines, such as azathioprine (AZA) and 6-mercaptopurine (6MP), are widely used for managing steroid-refractory IBD. However, it remains unclear whether the early use of these drugs affects long-term clinical remission and decreases the surgical rates in patients with CD. 10 In the present study, we evaluated the efficacy and safety of thiopurine treatment for long-term clinical remission in Japanese biologic-naive CD patients.
METHODS

Patients
We retrospectively reviewed the medical records of 531 patients with IBD who were treated and followed up between January 2004 and December 2012 at Kyoto University Hospital. The 531 patients with IBD comprised 175 CD patients, 321 UC patients, 11 Behçet' s disease patients, and 24 IBD-unclassified patients. Of the 175 CD patients, 148 who received medical treatment for induction of clinical remission were enrolled in this study. The course of CD was determined before and during treatment with thiopurine. Patients with CD who met all the following criteria were enrolled in this study: (1) thiopurine treatment for over 6 months, (2) remission for at least 6 months without corticosteroid use or granulocyte-monocyte adsorption apheresis (GMAA), (3) no surgical treatment for remission, and (4) no tacrolimus or anti-TNF-a treatment. Patients who had received or were receiving 5-aminosalicylic acid drugs were not excluded. Depending on the prevalence of digestive complications, patients with CD were classified into the following 2 groups according to Montreal classification: B1 (non-stricturing and non-penetrating) and B2+B3 (stricturing and penetrating) groups. 11 This retrospective, observational, single-center study was conducted in accordance with the principles of the Declaration of Helsinki and was reviewed and approved by the institutional review boards of Kyoto University Hospital.
Treatment
Biologic-naive patients with CD were treated with thiopurines alone for the maintenance of clinical remission. The thiopurine dose was adjusted according to the number of white blood cells (3,000−5,000/mL) and the concentration of 6-thioguanine (6TGN) (235−400 pmol/8×10 8 red blood cells). 12 
Evaluation of Disease Activity
Clinical remission was defined as a CD activity index (CDAI) score of <150 points under corticosteroid-and GMAA-free conditions. 13 Relapse of CD was defined as a CDAI score of >150 points or an increase in the CDAI score by 100 points from baseline. 13, 14 Endoscopic activity of CD was assessed using the simple endoscopic score for CD. 15 Mucosal healing was defined as the score of 0. Intolerance to thiopurine was defined as a reaction occurring within a month after the induction of thiopurine, including pancreatitis, abdominal pain, fever, arthralgia, myalgia, cutaneous rash, fatigue, alopecia, hepatitis, and digestive intolerance. 16 Data on the following variables were collected: age at CD diagnosis, gender, disease location, disease behavior, duration before thiopurine initiation, smoking, CDAI, and CRP level at the time of induction of thiopurine treatment.
Statistical Assessment
The primary outcome was the cumulative relapse rate in patients with CD. The secondary outcomes included the identification of factors associated with the risk of relapse and safety of long-term treatment with AZA/6MP in patients with CD. The safety of thiopurine treatment was assessed by evaluating the adverse event and mortality rates associated with the treatment, including malignancies. Categorical and continuous data were compared using a two-tailed Fisher exact test and Mann-Whitney U test. The cumulative relapse rates were evaluated using Kaplan-Meier analysis (log-rank test). Multivariate analysis of the time to relapse in patients with CD was performed using Cox regression analysis. The following variables were analysed as potential predictors of relapse in CD patients: age, CRP level, stricturing (B2) and penetrating (B3), and the time to initiate thiopurine treatment after CD diagnosis.A value of P<0.05 was considered statistically significant.
RESULTS
Patient Characteristics
One hundred forty-eight patients with CD (mean age, 30 years [range, 14−71 years]; men: 114, women: 34) were ret-www.irjournal.org rospectively enrolled in this study. Of the 148 patients with CD, 81 were biologic-naive. Of the 81 biologic-naive patients, 47 (58.0%) who were treated with thiopurines alone for the maintenance of clinical remission with corticosteroids or GMAA were analyzed. Almost all of these 47 patients were male (87.2%; Table 1 ). The median age at diagnosis of CD was 26 years, and almost all the patients were <40 years of age. The median disease duration was 6 months (1−264 months). Of the 47 patients, 33 (70.2%) had ileal lesions (L1+L3). Based on the Montreal classification of CD, disease behavior in patients was classified as follows: non-stricturing and non-penetrating (B1): 22 patients (46.8%); stricturing (B2): 17 patients (36.2%); penetrating (B3): 1 patient (2.1%); and perianal disease modifier (B4): 10 patients (21.3%). 12 patients (25.5%) were smokers. The median CDAI score at induction of thiopurine was 200, and the median CRP level was 0.8 mg/dL. Moreover, 14 patients (29.8%) had a history of surgery. Of the 47 patients, 41 were treated with AZA, and the remaining 6 were treated with 6MP. Moreover, 3 of the 47 patients were treated with concomitant allopurinol for optimizing the thiopurine dose. The median AZA dose was 50 mg (25−100 mg), and the median 6MP dose was 20 mg (10−50 mg). Moreover, the median cumulative dose of AZA in this observational period was 54,000 mg and that of 6MP was 20,835 mg. Moreover, in 14 of 47 patients, the 6TGN level was evaluated, and the median 6TGN level was 405 pmol/8×10
8 red blood cells. The median duration of thiopurine use during the follow-up period was 39.5 months (13−85 months).
Efficacy of Thiopurine Treatment for the Long-Term Maintenance of Remission in Biologic-Naive CD Patients
Of the 47 patients, 13 experienced a relapse. Ten of those 13 patients experienced an exacerbation of symptoms related with CD. The remaining 3 patients experienced ileus due to intestinal stricture followed by surgery. The time-torelapse curves are shown in Fig. 1 . The median follow-up time was 40.75 months. Based on the Kaplan-Meier analysis, the overall cumulative relapse rates of the 47 patients with CD at 12, 24, and 60 months were 0%, 13.7%, and 35.4%, respectively ( Fig. 1 ).
Clinical Factors Associated With the Long-Term Maintenance of Remission With Thiopurine Treatment in Biologic-Naive CD Patients
To analyze the risk factors of relapse in biologic-naive CD patients receiving long-term thiopurine treatment, we evaluated the differences in patient characteristics between Table 2) . Among the patient characteristics, patient history of surgery significantly differed between the non-relapse and relapse groups (P=0.021). Next, we analyzed the cumulative relapse rates in biologic-naive CD patients with and those without a history of surgery. As shown in Fig. 2 , the cumulative relapse rates of biologic-naive CD patients with and those without a history of surgery were 52.9% at 77.6 months and 27.2% at 85.0 months, respectively (P =0.071). These data suggest that a history of surgery could affect the relapse rates of biologicnaive CD patients treated with thiopurine, although no significant difference was observed in the cumulative relapse rates of biologic-naive CD patients with and those without a history of surgery.
Efficacy of Thiopurine Treatment for the Long-Term Maintenance of Remission in CD Patients Without a History of Surgery
To exclude the influence of patient history of surgery on 2 . The cumulative relapse rates in biologic-naive CD patients with and those without a history of surgery. The cumulative relapse rate in CD patients without a history of surgery was 27.2% at 85.0 mo (solid line), and that in those with such a history was 52.9% at 77.6 mo (dashed line) (P=0.071). www.irjournal.org thiopurine treatment, we analyzed the efficacy of thiopurines in biologic-naive CD patients without a history of surgery. To evaluate the predictive factors for CD relapse in biologic-naive CD patients without a history of surgery, we assessed the differences in the patient characteristics between the nonrelapse and relapse groups. As shown in Table 3 , the nonrelapse group had a higher number of patients with the B1 phenotype than the relapse group. In accordance with Fig. 2 , we consider that initiating thiopurine treatment before the development of digestive complications requiring surgery might be important for the long-term maintenance of remission in biologic-naive CD patients. Therefore, according to the prevalence of digestive complications, CD patients without a history of surgery were classified as follows: B1 and B2+B3 group. Based on the Kaplan-Meier analysis, the cumulative relapse rate in biologic-naive CD patients without a history of surgery was significantly lower in the B1 group than in the B2+B3 group (11.1% at 85.0 months vs. 58.5% at 69.0 months, P=0.036; Fig. 3 ). Values are presented as n or n (%). CDAL, Crohn's Disease Activity Index. 3 . In biologic-naive CD patients without a history of surgery, the cumulative relapse rates of patients with and those without digestive complications were evaluated. The 33 biologic-naive CD patients without a history of surgery were classified as follows: B1 (non-stricturing and non-penetrating) and B2+B3 (stricturing and penetrating) patients. The cumulative relapse rate in the B1 group was 11.1% at 85.0 mo (solid line) and that in the B2+B3 group was 58.5% at 69.0 mo (dashed line) (P=0.036). www.irjournal.org
Multivariate Analysis of the Time to Relapse in Biologic-Naive CD Patients Without a History of Surgery
To evaluate the clinical factors associated with the longterm maintenance of remission with thiopurine treatment, we performed multivariate analysis of the time to relapse in biologic-naive CD patients without a history of surgery. However, Cox regression analysis could not identify the risk factors of relapse in the biologic-naive CD patients without a history of surgery after remission maintenance with thiopurines (Table 4) . Therefore, in accordance with Table 2 and Fig. 2 , we consider that thiopurine use would be beneficial for the long-term maintenance of remission in biologic-naive CD patients without digestive complications and a history of surgery.
Safety
Adverse events occurred in 7 of the 47 patients treated with thiopurines (14.9%; data not shown). Leukopenia, liver dysfunction, and nausea occurred in 2 patients each, and pancreatitis occurred in the remaining patient. All patients recovered after decreasing the thiopurine dose or stopping thiopurine treatment. Moreover, none of the patients treated with thiopurines reported malignancies or life-threatening infections.
DISCUSSION
Our current study shows that thiopurine treatment could lead to a clinically favorable outcome in biologic-naive CD patients, and thiopurine use before the development of digestive complications led to reduced rates of relapse and surgery. To our knowledge, this is the first study to demonstrate that thiopurine use may contribute to the long-term maintenance of remission in Japanese biologic-naive CD patients.
The superiority of thiopurine immunomodulators in inducing, and particularly maintaining, remission of CD has been documented. 17, 18 However, there are limited data on the long-term effects of thiopurines in CD patients. First, we evaluated the effects of thiopurines on clinical remission maintenance in biologic-naive patients, which demonstrated that the cumulative relapse rates at 1, 3, and 5 years were 0%, 13.7%, and 35.4%, respectively. Several studies have reported the efficacy of thiopurine treatment in improving the long-term clinical outcomes in CD patients; therefore thiopurine treatment is likely to be effective in biologic-naive CD patients. [19] [20] [21] [22] However, the SONIC (The study of Biologic and Immunomodulator Naive Patients in CD) study demonstrated a greater clinical benefit from infliximab than from AZA alone in biologic-naive CD patients, because CD patients who received infliximab monotherapy and infliximab plus AZA combination therapy had higher rates of clinical remission and mucosal healing than those who received AZA monotherapy. 5 Moreover, Kwak et al. recently reported the efficacy of the early induction of immunomodulators in biologic-naive CD patients. 23 They showed that in biologicnaive CD patients who received thiopurine treatment within 6 months after diagnosis, the cumulative relapse rates at 1, 2, and 3 years were 7%, 22.3%, and 60.9%, respectively. Moreover, there were no significant differences in the relapse rates between the early induction and conventional therapy groups. Therefore, further studies are necessary to confirm the efficacy of thiopurine induction before starting biologic treatment for improving long-term clinical outcomes in biologic-naive CD patients. Recently, 2 studies demonstrated that very early induction of AZA treatment was not effective in the corticosteroid-free clinical remission of patients with newly diagnosed CD. 10, 24 However, these data conflict with the results of other studies. In fact, the GETAID (Groupe d'Etude Therap−utique des Affections Inflammatoires du tube Digestif) reported that approximately 60% of the CD patients in the conventional management group required immunosuppressive drugs for the corticosteroid-free clinical remission in the 3-year study 24 Moreover, the occurrence of perianal lesions was significantly lower in the AZA-treated group than in the conventional treatment group. 24 In addition, the AZTEC (AZA for Treatment of Early CD in Adults) study showed that early AZA use was more effective in preventing moderate-tosevere relapses than placebo use in the post hoc analysis. 10 Moreover, D'Haens et al. demonstrated that combined immunosuppression was effective for induction of remission and reduction of corticosteroid use in early diagnosed CD patients. 25 Therefore, these studies do not necessarily deny the effectiveness of thiopurine treatment in CD patients but suggest the importance of identifying when thiopurine treatment must be started in CD patients in whom disease activity becomes progressive without optimal immunosuppressive treatments.
The most recent Cochrane Library meta-analysis reported that thiopurines are effective for the maintenance of remission, and another meta-analysis reported the efficacy of thiopurines in the prevention of postoperative recurrences. 17, 26 Moreover, a population-based inception cohort from Hungary showed a positive correlation between early thiopurine treatment and a reduction in surgical rates. 19, 27 Our data revealed that the cumulative relapse rates were lower in biologic-naive CD patients without a history of surgery than in those with such a history, although this result was not significant (P=0.071). Considering the natural course of CD, 1 a history of surgery is a reasonable risk factor for CD relapse in patients treated with thiopurines. 28, 29 However, in CD patients without a history of surgery, our multivariate analysis revealed that the prevalence of digestive complications is a possible independent risk factor for CD relapse. In biologicnaive CD patients without a history of surgery, the cumulative relapse rate was lower in patients without digestive complications than in those with them. Taken together, the early induction of thiopurines before the development of digestive complications could contribute to better clinical outcomes in CD patients. However, our study had several limitations including a small sample size, heterogeneity in patient characteristics, and a lack of comparison groups. Therefore, further studies with larger sample sizes are required to confirm our data. Finally, we evaluated the adverse events associated with long-term thiopurine treatment. The frequency of adverse events in the present study was similar to that reported by previous Western studies. 30, 31 Moreover, all patients recovered after the thiopurine dose was decreased. The American Gastroenterological Association has promoted the usefulness of thiopurine metabolite monitoring for optimizing thiopurine treatment in IBD patients to avoid adverse events. 31 The frequency and phenotypes of mutations of thiopurine methyltransferase, which is associated with thiopurine metabolism, differ between Japanese and Western patients. 32 Therefore, adequate monitoring of the concentration of the AZA metabolite 6TGN is necessary and helpful for the long-term maintenance of remission and for maximizing the efficacy and minimizing the toxicity of the thiopurine drug in Japanese CD patients.
In conclusion, our data demonstrated that thiopurine treatment might be useful for the long-term maintenance of remission in biologic-naive CD patients without digestive complications and a history of surgery. Because the use of biologics has just been in its golden age in the field of IBD treatments, we must recognize the role of thiopurine agents in patients with biologic-naive CD.
